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PURPOSE:To reduce a volume of a vacuum chamber, to extremfely effectively conduct an atomic layer 
epitaxy and to improve reliability. 

CONSTITUTION:Gas cells 20, 24, 26, 25 are disposed in a vacuum chamber 16. Shapes of discharge ports 
of the cells 20, 24, 26, 25 are formed in a rectangular shape in which its long side is at least longer than a 
diameter of a substrate 15. A gas diffusion plate is provided from gas introducing tubes of the cells 20, 24, 
26, 25 to the ports. A plurality of the substrates 15 are rotatably moved perpendicularly to the diffusing 
directions of the cells 20, 24, 26, 25 to alternately irradiate the substrates 15 with a plurality of types of the 
gases from the cells 20, 24, 26, 25, thereby repeating an atomic layer epitiaxy. 
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[0 00 1] 

gxtf^''+'>-icj:^iet&^«ijs®m mmmj.mm 

i^*yS:tt»ligSr]5!cfiS-&^fc»cDll^gXlf3':^->-g 
[0 002] 30 
fcISTgxt!^^'->-fcJ;SjB»^«lii®Jgfi£, 

!ftsa«»©«tucfflv»sn^is^sxtfi'^^'>-KB 

!^MK6 2-2 2 2 6 2 8^4i:«, #MBS 
6 3-1 3 6 6 1 6^^SJ) tt, 07 Ca^f J:5;S:«2f: 
WfiKt^oTViS. T)it)^, St^g^i'>A4 6|^ttJi 

>A*4 6{C«k-;J'4 3*1i^fc;tfX-fe;l'4 1 a~4 1 
cdtKBSnr^t). k-:^4 3f4j5fX-feJP4 1 a~4 40 

1 crt©Si|Bf^fX®fSi>^Srff75:ti, i3X±)V4 1 a~ 
4 1 c*^e#t)j&$n-5.IS?4:yx®J5fi«v;^7n-3> 
hD-7*±y:A*;L-:/4 2icJ;-3Tfill?$n-S. :tfx-fe 
;U4 1 a~4 1 c fc**l^pTa«4 7*tEB*nT^i 
•5, :ff7.±}V4 1 a~4 1 c(D9t&Dmmz^ 

^^a9f-r^)S:iie)©v^-y^4 5*i«A^nTtis. - 

*1fi4 7«S«t-^4 8lcj;oT®^;a:«§S^fi 
[0 0 0 3] ;i®M^^jgXtf^'+->-SglC*3fc»Ttt, 5(? 



i|$M75-2 348 9 9 

\? 

g•5!^x^r;^4 i a~4 1 c©AJl^:/4 2©§BgB. •>^r^:/ 
^' 4 5©MH4Wfl-r*:: ticioTK^Bxtr ^'+'> 

-*mJSt)n-5. f at)-^, :fJ7.±)V4 1 a©A*;u:/'4 
2, vA'-y3'4 5£M(CU. l|ia©M)|Ef;?fX&««4 
7JcflgWLTlISi^Ji*/«fiS-B:fc^, ;SX-fe;l.4 1 a 
©AJWy4 2, 5^^y^'4 5*EI)tJ«. tJffK, 
•\'.>n4 6|*lCSe-r5ISi|Bf;<fXS:SPab)5:®^> 
■ir;P4 1 b®A;i':/4 2, v-v>;/3'4 5?&BS^, m2ffl 
®E)|st^?X!£S«4 7{rBgWr'5. dOi^lr, HI 

a, «2a©m»5!fx*35stcj!8itb;4*»6flc^ixfcr 
)V4 1 c»rj;r)TMjrr«*, mia, ^2a©M»^ 

[0 0 0 4] 

[»W*J»«UJ;5fr5Sie] c:®S^)ixlf^'^-> 
-Sfit^fcv'iTtt. Sfi4 7®^iifJCt)&T3TiHSB* 

t1i7.±)V4 1 a~4 1 cOia:taPt©K«*fi<aS 
ig-SAtft^ii^. «$5^v>A4 6 ©$iW <!4 
•5. S«4 7 i:;yx-fe;i'4 1 a~4 1 c®«:tttP 
■ t<Dmkifi&<U.^iL. ««4 7tCil»flg«$n55>^ 
m(r>Vtmtth-i<1S.^. U7.'t)V4 1 a~4 1 c*^^jt 

^^^$n&B^:^t•®ls»3!^x'»lllS^cs«4 7±t®^ 

b&^toT. X^#»SB4 9lc«tt^SlEa©;»:# 

siSKsS!jii!i5tfx*»M-r5&«>®»sti^m*j«< 

1 iHi®^fi-c 1 ft®»«4 7 hifi^mr^^fiw 
;i®&«). JS^sxt^^^->-®sa$*t||Vi. setc. 
S<Bf:«fx*«D«i;^-S«fcyt;i':;r4 2 ®Hia»fPt$/Y 

fcO, *fcMIBi)fP®aS'£¥<-r^<l:> eit|S|®Mai: 
at). *fcA-Jl.:/4 2. ->Y'>^'4 5®MKIilfP®IS 
fc. :^!?XiK*©:J--A*->':x-h. 7>^'-i/a.- h*J 
^^ig^^;xfflESfW«l*tBjiJC&«©-C, « 

[0 0 0 5] ^<Ji%mt±M(Dmk^m(it^it.^\zi3. 

snfc*>®-p. Jlta5=-^>/t©««*/h$<-r«ni:*t 

Tfr, lS^lxhr^+v-^ffia{)T^^^<fT;*5:it 
A^^m«ttOi«ViIiTSXfcf3'=^^->-SB^ll 

[0006] 

^7.±)vit^^^mzm^\yT. m^f^3L\f.9^iy~^m 

D3g'rfl(?-lXtf^+5/-«BC:feliT, ±l3^X-fe;l/ 

SrX^^^i-^A'rttcttSciBgL, ±E:yx-fe;i/®ei:fflP 
®J^«&S«fi*J^tb, Ji-E:!tfx-t:;i.®:tfxSSA«*> 
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3 

CO 0 0 7J :i(Otl-&, ±is^x-fe:j>*^^)«if&$n«)± 
[0 0 0 8] F-/'<>h;tf;^*t«it&sn-53tfx-fe 

[0 0 0 9] Sfc, ±E:!!fXHk;Hwk-5'Sriftlj-TfcJ; 

[0 0 10] t.it. ±.msim7.^^^mii7.tLx 

[0 0 11] S&, mM(D±J&Wmi}7.^\'D<DiM 
[00 12] 

[0013] 

[0 0 14] m\ \t^(Dwmz^^m=i-m:ii\f.^^'y- 

^tSi^iii; ^ + g e ©-^8 <£ s^-r iE»f ® 0 1? » 
9 jitisfi^n, mmmmm 2 g tc<j; o Ta««jt^*: 1 

3*i|5|«K^rni. a««J§#l 3(r««3j^;i^^'2 2;feJ; 

t)tsffiih;i'y2 2oK(cEe$n/S:>— ;vHte2 3**® 
tj # It e n. s^jj^jvy 2 2 1 5 *^-en€ 

n«J#$nTV»-5. Sfc. SfiffiJ«#:i 3i:P3^iKfiD-> 
:^RIBa*i^tt?)*aTtiS. ^X±.)V2Q. 2 4, 2 6, 

2 5tt'<D-x2 1 *:ft-UT«^?-\'>/'?i & <Dmm\z 

IRDftttSn, ^?X-i:;P2 0, ,2 4. 2 6, 2 5 

1 5 tOE(R&S«T#«J:'5»Cift-3Tl>.S. va^-^ 

HI 8©ffiJffilC:yx-k;P2 0, 2 4, 2 6, 2 5*S« 

1 5{CitSS»iiii$ii-^)fc»05!fx-t;v«APi 9*tatt 
fiM*^J::3SSk-^' 2 7 ttS^^r >A' 1 6 ©tf 

ffie$n&fc-^^gj$W2 8irioTfiy$^n, s« 
t-i' 2 7 tiiite-rssig 1 .5 *«s*^^ei*inis»-r 



(3) #M75-2 3 48'9 9 

6fcftiii$nfcs<Bfj!/xi3<fcr;*^9^-*'>A'i eo^as 
®»ftp 3 0 \zmiSi^nit^-i^^-»>-f. x>r 7i 

Vi*^#aSB3 1 l;:J:oT^^?-V'>Al 6®^1.SI5{c 
»M$nS. aeir, 3!fX-feJP2 0, 2 4. 2 6. 2 5 

©ttta □ © jgttttfi)a*<ii>;^ < t 1 5 ©eg J; o 

t)Sv^ft;5Jg-C»D, IRi|s}^;xttA-;P:/i 4:feJ;t;;yx 

j<> x-v-;v H« 3 T?H*nfcj!fxti;«i/->*ajatT« 

m^mti}xmLWi8\z^-:>xmsmzis.tiibti^ii^ti 

TW^©ii5^fia£t±tinfs?j-r5. t-^' 5 © 
>m\z\m'y-)VY^Ami^nx\<^^, 
[0 0 15] ^<r>w=i-mx\i^^i/-mmzi.-:>xf^\ 
a~«4a®iiisj^xs32SKMi*uft*J6s?^jixtr 
3'=^^v-^6fT;45 wmm- 1 3 *s 1 ©i^w* 
a? iRifc-^iia (jg^Bng^<DS«i 5©gS's©.#3&t^ 

-i^i^-'ya >©;t*©I^M*«g'b;*:€rtiJS»air*it,i 
T. ■€-©ll*lffl*+4^fcffi$Ct*tT?fr«a§D -CIIUbI/ 

fcttffiT, ;yx-feJl'2 0, 2 4, 2 6 , 2 5 irftJ^-rS • 
;yxiffifi*-5£»z^^^L. ,;!!fX-feJl^2 0. 24, 2 6.- 

2 5 ^siR 1 5 \z% 1 4 a©M« jffx sua jfr 

*iS]icat«i-r-5*''e., *«i 5©±ffiic*D;toT^H^« 

8©affit»«l 5*±r;>'-;UH«2 3lCJ:oTJ^lS 
30 Sn*BSHSM®ffi*tt¥IS*?ffii:;i-5. SiR 

1 5tcii«M»f$n;a*^o&^3W^fxts«i 5©^® 
*^e.Bi*ai$ti&:tfxttv'i7'i' H 1. 8©aB»t(*^-r 

«*\ *X-fe;i/2 0, 2 4, 2 6, 2 5a:5'a.5':7Hl 
8 i:®liW!5>ettUl^n, *SS^Mge3 1 fr<t^TSP 
asnS. ->-;UHffi2 3«*S5"^>/\*1 6® 

t*8P'^®ISi|Bt:tfX©«r)ji*-&B5<:. Se.tr, ->:i7 
H 1 8 \Z\t^ii7s'k)VmXU 1 90Wfc»aP 1 7*t 
^lt^nTti-5*>^. Sfil 5*t:*Jx-bJP2 0, 24, 
2 6, 2 5(c5y(nlL;**Je.(5ie-r5jlST, »«15© 
40 gSi±trSSf-5IS^Ef;9xSfi^m-r5ilt*«T€-5® 

■e. ^iswj?xw®ffisf5Jfs*i»±-r-&iit*»"e#«. 

[0 0 16] r©Mi^Sxfc;3'+v'-Sttlc:feUTtt, 
E7 »c^-rS-7-extf^'+->-SIB©J;5K, »«.l 5 
ic«-r^J^:^^^^®3fiflli^^®i^-tt*««t«&» 

•Ir;k2 0, 2 4, 2 6. 2^(D9tnt0i^m^%^'h-^ 
<-r*rt*t-p#-5©-p, M^^\yn\ &<D^^^ih 

WSn;fS:V53^»:^fX*f>;ft<:^Sfc*, ;yx-fe;i'2 0. 

50 2 4, 2 6, 2 b\zm^^nitmm]7.<Di^^\mwk<D 
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[0 0 17] $fc> c:©ii?^gxt;3'^v— saic*5V> O. p iim(r>m.^^%^^V&-tZLtifl-^^i>o ifc. 

x\t. ^mzm^vm>^mi}7.<Dit^i4^mz'\'^-^< mfii.7tm<Dmf^um\z^D. mmwm^i. 5~3. s 

tf^'+->-Kll©*KRSa^tH7KjRbfcJi^®Xtf^' «nl!GaAs Sffltv nSS 3 4 iCttZ n S e tC3«| 

+>'-ilB©^iesa*iSJfclS!bT*S. W3t®IS»JC 7nl^©Ga*H-lf>>/L'fc'b®*fflK pl!l3 3K 

ite?)*T©M»:*fX©«aSlHlSt^S, 07J;:^UfcM^ «Z n S e tC 5Sl7cm®N& H-fc:>i^tfe>b®*ffl 

sxi;^'+->-gBic*ttsf5ia©iS)|sf;«;x©!a}t^ a> v^, ;:ne.siiii>:^KfiSii:, «ffi3 2*i8tt-5. 

:yxo«m®s8(cs-rsse;tf;^®pmWfM«T3 2: Asn-s. ^wtUT rjt^, »2o«, «4^, 2 1 

U, Ti>Tj t-r^t. STIC^LfcH^pitr^'+v' 6~2 1 7M (1 9 9 1) J lCl2«$nTtv5ai&&558 

-SB®«^®fiKfi«v'U-X»cfTftt)nSfcje), Bff)£ SaEfi*to. 5 2Mmto^|ii»^ft^— »f'N®|i£:fflt':?^»T 
©RW*»«KB-r««fl«H4»«ltt^fct)S (Ti+ HSfcUViT. 36iSl 5K»nS!GaAs S 

TS + 2T3) ai^lCa^UfcM^lXtf ni!i/^>;/Hg3 9{CttZnSSe©jiS,C3« 

iJ'^v'-SgfCfeViT. BgW^rfl!£:6<^-5<e;>^®Jfe-5 7C^®Ga&H-t:>yUfcfeO^&fflVi. Sttl'sSti: 

llia®S^6f;yx®M*t^MTi{;:-&to-a-T»Sl 5® «Zn STe©iift*fflVi, pMi'^y HJg3 7»CttZ 

HteiiS&RjtL. S«l 5 s^®^;^-fe;P2 0» 2 nss e©iifit:5lS7cS?®N*H-tr>i'L'fc>b©* 
4, 2 6. 2 5[C^I^$*5*T®^M<£T4, S^l 50 fflK nn?>siia^>:fS*s-ii-T, ^fJl'^T-ami&^m 

Xfc!:?:^^->-^Bl*3©a«l 5©KBft»SKfrs tSL, «ffi3 6 SISltS. ::©<k5;437C©Jift»CJ:o 

t, 0f3t®K^*#5tS-r*^K(iS« 1 ^^ft*) S T^SSJ^^-r5®a> G a a s ©«S 1 5 t©)|&^S 

{K (Ti+TO } /K=S (Ti+Ti) r^S ^tt*#-S&«)T?»0, nSi/^y H^S 9©Z n S S 

fc-fe, s {T2+ (2T3-T4) ) (Dmmmmxt eiza^^xstseto^mit^e 94, m^mss 

fct^tf. Ife^SiajitS. 6AgS©3- 5i!|®G ©ZnSTe(CfeV>TStTet©ififKJt<&6 5 : 3 

aAs:^2-6«®Zn Se©«-&. IgT®Xbf^'+-> 5, pSi^^y HS3 7©Z n S S e fc*HTS t S e 

-tCioTl wm©KJ?S:#SlCtt, 1 8 0 OiaSA© t©»«Jt*6 : 9 4 fr-5J:t*Qi*LVi, HHT, 

M»:*f:^O«0^^£ff;i5i£J.M**»5fc«). HUMT^ :ti:^«2«IS?|IT*-5Zn©lHBftLTDMZ. 

5^Htt#SJc:^#Vi. ■r;/5:t)'&, A^0JCS = 1 8 0 0 S?STafe-5Se. S, T e<r)m^tVX\iDMS e, D 
0, Tj = 7 s. T»=10s. T* = 1 str^t. & 40 MS, DMT e*©«tlifeJR;i!fXSfflV>T, ^fJ7.±)V 

«ifeSfcoi4. shwi^raWBiMTir^. gi t?fi^)-^bfc±TS«i 5(cwr^. nm<D\i-n> 

l^lC*L;tlI^lXbr^+v— «gTlS. hT*SGa®SlEfitTTMG^®%t»^Jil:yx*ffl 

1 3®|5|ejiai4SgW^raS:^feg<ll-5i£MI®*SJl ^\ pH® H— KTfcSNOTJI^BftLTttNHa:!!/ 

ff^::^®ig»NpWT*asnTi»sfc*. js«3tfx®a <^iJx±)vxm^L-ft±xAiRi 5\zmm 

miim^x'hmmmmiitm^iavys.^^^t^^om&iii&^c -rs. 

[0 0 1 8] ;5:*3, ::©^M(C^S5IS^^Xlf^+v— CO 0 2 1] eil±iKigLfc^5;fS:^i>t^'f:t-H*2)Vi 

mm\t. ^mmT(ojim^mzii.-^m-m'^(Dnm%sc. !f^fer®5§§Blc^s^g^exfcr^^^v'-g 

*ttt«*WC/h$<, KTa#ttt?©3fiJ5©«(H*tBiiB>i miZ^-yX. f©i'5iCjESfi3-e:«*>lC':3tiTeilTfclft 
ii^®Xt;:J'*->-*tRl|6-e*^,, IS^jiF-lf 50 coo 2 2] ±ia©f63fey'f:t-H©«'&, nS!Ji3 4 



[0 0 19] :i<D%miz%^m^mx[fff^i^ 



CO 0 2 0] 2mm»xh^zn. cdt6mmmx:$> 
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7 

<D^&m\t. DMZtt;j!f:^-feJP2 OA^S. DMS ett^f 

±T. S« 1 5 »CRBitt-5. DMZtOMSe 
t©SSSJtttl : liSSIC«U#f5. pS!13 
3©jSfi^tt, DMZ, DMS e®#li(&tt-e©S*-e. 
TMG03!fX-k;W2 4®A;V:^14«KCT, 
2 5 6 N H» '&m^»VJt±.'r*mW. 1 5 JCBBW-r*. 
Sffik-r5'2 7!r±oTSffil 5®ffl«€:2 5 0 

K^OSS 1 5 CD||ffl'^©#«tT-if ^'U-S^a 

je)©«fW*JS'b:^^«':>sraicfeViT, ■?-©^M*+^^ 
cms t *<-t?€ ?>es 

[0 0 2 3] ±ia©ij^^#:W-1f®«^. nMi'^s/H 
)i3 9©)«fil$tt, DMZtt:«/;^-fe;i/2 o*>&. dms 
elt?tfX-b;l^2 6*>6., DMS{J:^JX-feJl/2 4:5^^, T 
MG«;tfX-lr;l-2 5A^ei*5i-<»Lfc±T««l 5lCRg« 
t"-5. DMZ, DMS, DMSe©ilMJtli 

1:0. 0 6:0. 9 4eil(Clli$-r«. t:>€fiC, fi^tt 

«3 8®^g^«, ^;x-fe;i'2 6®is;^«i&7i'>'^D 

MT e \zmO^^. TMGO)-)3X±.)V2 5©A*;U:/1 4 
SKi;^. DMZ, DMS, DMTe®tgSJt 

ttl : 0. 6 5:0. 3 5 SKfc*H#-r<&. "3€ft, p 

m!7yy}im37 ®^m«. 137.^)^2 6 ©®fffti|i& 

7-f >SDMSeiw«)D»lA, :«;^-t;i/2 5 ©lSfJ«)!i& 

>&NH»fc«DlftAS. illlT, DMZ, DM 
S, DMS eO«E*Itttl : 0. 06:0. 9 4S«t 
aij^rs. S«t:-3'2 7tCj;oTS«i 5©ja 

SS:2 5 0~4 0 O'ClzSJtL, 3©|slte 
ii«*SfiIS?©S«l 5©^ffl'N©#«i:V'fi^l'- 

[0 0 2 4] e;±, c:o^?)!»r^^sigi^lxb!3'+->- 
^BK 2 - 6«fl:^'l*l*i»*4J*tX-t©Jift©ISft 

TSE'^T^fcTit, 3-5ij|'fk^#l¥^ft:*3j;t;-e®ffi® 

®S#®S^'bra«-c*o, ;:®56M«5@^-r5lg!|Bfa 

[gl5] 

E)5 



32 




(5) ^^¥5-234899 

[0 0 2 5] 13.^. ±M.'^mm\Z^\'^T\t. i}7.±}V2 

0. 2 4, 2 6, 2 5\zmt&t^miiS7.^immtv 

Jtifi. ll»aoe«Jtf;^sm^®Ji^ltT?ir)®^;^-fe 

;W2 0, 2 4, 2 6. 2 5*^e)#tilSUTfe±t>. 
[0 0 26] 

[fe?i©^a«] K±BKBu^±5fc, ;i©56WK«sw 

T, M<EJ:i!fx®^tti^ra£M<-r5::t*»T^Sti:fe 
IC, ffig:®S«S:^^tC^aa-rs;i<!:*^t?^5fc*. S 
^ ® X t! 3' + -> - S: a * TSS* A < ff;* 5 t T?^ 

^fzmmmmmmit^n. gs®««tt*<ini±-r4. 
ci®±pic, ;:®f!?B®^*fi«lFT*«. 

[01] r®5!iBic««ia¥ixtf^'+'>-«ii«a%'r 

[BI2] iaiC^Ufclg^Jixhr^*->-81t©iE»rffl 

[03] Enz^U}fcM^-jixtr^'^v-«ii©-«&' 

CH41 |giC3SU&IR^»Xhr3'*5'-««©-IB5« 

[05] f!^^-f:t-H®S*«jg0-rib-5. 
[06] 1f®S*«jS0T*S. 

[H71 fie*©IS^-)lxK^=^'>'-«IS«*f»riSia-C 

[«F^®3iM] 

15- S« 

16- *^5"-V>n 

2 0, 2 4. 2 5. 2 6-3!JX-fe;W 



[06] 



B 6 

36 
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[HI] 




15 

20,24,25. 26 




24,25 — frx-bu. 



[03] . " 




7— -#';^#xf 

I5-— Jt:fe, 
25 irx-kw 
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